1. Select the initial dimensions of all the structural elements using simple rules of thumb or experience. These dimensions should be able to satisfy the serviceability and ultimate limit states, and should fulfill the requirements for adequate site execution and any other applicable requirement (e.g. acoustic isolation, fire protection, etc.). 2. Perform a global structural analysis to calculate the internal forces (or stresses) due to the combination of loads defined in the codes. The method almost used exclusively today is the finite element method and the behaviour of the structure is assumed to be linear elastic at this stage. 3. Verify concrete initial dimensions and calculate the reinforcement capable of resisting the calculated internal forces. At this stage, the ultimate capacity of the individual cross-sections is considered; this which is typically associated with nonlinear constitutive laws.
The main advantage of the above process is that linear elastic finite element analysis is well established and is straightforward to apply. In addition, the locations where tensile stresses appear. These regions correspond to the initial crack locations, helping to control crack propagation.
Of course there are also some disadvantages in the process described: stress redistribution can be difficult to incorporate, providing more expensive reinforcement arrangement; no real information is obtained about the collapse load of the structure, even if a lower bound estimate is obtained when ductility is enforced, and no real information is provided on inelastic phenomena as crack width, crack spacing or maximum deflection, even if they can be estimated for beam-type structural elements. A consequence of the process is that detailing guidelines need to be used to ensure ductility and serviceability demands.
Only in very few selected cases of structures with unusual size, shape, or complexity, would a full nonlinear analysis of the previously designed structure be made for assessment, tracing out the entire behaviour through the uncracked, cracked, and ultimate stages. Such an analysis generally requires significant time for pre-processing, computation and post-processing, which is not compatible with cost and time demands. Also, as nonlinear analysis requires the definition of geometry and reinforcement, it should not be regarded as a design tool but, mostly, as an assessment tool.
The simulation of concrete walls, slabs, assemblages of walls and slabs and shells using finite element analysis is becoming a standard in structural analysis tools for building design, meaning that adequate methodologies for the design of these elements are necessary.
In this chapter, we discuss design methods for membrane states (walls), bending states (slabs) and combinations as may occur in spatial assemblages of plates and in shells. Hereafter they are referred to as shells. Design of reinforced concrete elements subjected to membrane states has been . This document also presents the three layer sandwich model. Readers interested in a more complete review of the historical development of the different methods are referred to [25, 26] .
